Discovering Substitutes to the Conventional Lead Positions of Three-lead Electrocardiogram Monitoring
The Editor, The vigilant anesthesia monitoring during surgical or interventional procedures (diagnostic or therapeutic) reduces the potential for poor outcome by identifying derangements before they result in serious or irreversible injury.
To ensure the adequacy of the patient's circulatory function during all anesthetics, the electrocardiogram (ECG) should be monitored from induction to recovery from anesthesia till shift out from postanesthesia care unit.
[1]
The ECG is a fundamental cardiovascular diagnostic tool for monitoring perioperative heart rate and rhythm abnormalities which can be immediately dangerous, if not promptly treated, such as severe bradycardia, new atrioventricular blocks, and ventricular tachycardia or fibrillation. [2, 3] The cardiac electrical activity spreads throughout the body and can be recorded at specific sites on the body surface using electrodes after being amplified, filtered, and then displayed as ECG signals. [3] Unwillingly, the lead positions may remain the concern in some situations such as if lower torso is not under the reach of anesthetist/intensivist during the lower torso procedure/interventions or burns and similarly, in cases where the upper torso is not under the reach of anesthesiologist/intensivist during head and neck or upper torso surgery or upper body burns, and/or if the patient is in prone position. Keeping in view such scenarios, we defined the different substitutes for conventional lead placements while using 3-lead ECG monitoring for constant vigil of cardiovascular function.
Gupta et al. shifted the right arm (RA) and left arm (LA) electrode on both sides of the forehead, respectively, and that of the left leg (LL) to the left shoulder for ECG monitoring. [4] The relocation of standard limb lead positions to the trunk and placing the limb electrodes on the anterior acromial region (shoulder tip) and anterior superior iliac spine (ASIS), allowed easier and more rapid ECG acquisition in emergency settings with minimal motion artefacts but was associated with abnormalities of R-wave amplitude (specifically an increase in lead II,III and aVF and decrease in I and aVL). These lead positions are not recommend for routine use but can be a reasonable alternative for recording ECGs if application of the standard lead is difficult in an emergency as described by Takuma et al. [5] Instead we collected the ECG information with accuracy by placing the RA and LA electrodes correspondingly at a). Bitemporal/Bimental/Bimandibular/Biparietal/Bimastoid/ Bioccipital/ or Bimaxillary on parallel side respectively and LL electrode was placed parallel at or along left shoulder (including arm) as far as downwards up to the toes or b). Bilateral subcostal margins on matching parallel sides respectively and LL electrode placed parallel at or along left anterior superior iliac spine (ASIS) up to toes [ Figures 1 and 2] .
Conversely, the ECG data, the cardiac electrical activity analysis became poor at and below bilateral ASIS down the left leg up to the toes. The reason for the poor ECG data may be due to the poor conduction of cardiac electrical activity secondary to the high resistance of skin and abdominal viscera below the bony subcostal margins.
[ Figure 2] . Surprisingly, the ECG analysis was maintained along the bony back on both side of the spine from cervical region up to the sacral region or posterior superior iliac spines (PSIS) by placing RA and LA electrodes along the corresponding sides and LL electrodes placed on or along the left leg up to toes [ Figure 2 ].
Hence, we proposed a model of cardiac bioelectromagnetic vectorography/vectors (CBEMV) in such a way that we can transfer and interpret these vectors along the cardiac bio-electromagnetic field (CBEMF) for ECG interpretation using standard limb leads by placing electrodes along the corresponding CBEMF vertically from top to toe, but the ECG analysis became poor below the subcostal margins anteriorly [ Figures 1 and 2 ]. However, it may also hold true for augmented limb leads [aVR, aVL and aVF] and Chest Leads [V1-V6], which needs yet to be examined.
We, therefore, suggest that the planar concept of electrocardiography to be conceptualized as three-dimensional model of CBEMV and/or CBEMF along the X, Y, and Z axis, which also needs to be put to the test. 
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